Introduction
Inflammation is a normal immune system response of the body to cell damage and stimuli. Cytokine networks and pro-inflammatory genes regulate the pathogenesis of inflammation [1] . Overproduction of these inflammatory mediators such as nitric oxide (NO), inducible nitric oxide synthase (iNOS), and cyclooxygenase 2 (COX-2) may lead to many diseases such as rheumatoid arthritis, Objective: To examine the in vitro and in vivo anti-inflammatory effects of the alkaloid enriched extract (ELA) from the roots of Eurycoma longifolia. Methods: The in vitro antiinflammatory effects of ELA were evaluated by examining its inhibitory activities against nitric oxide (NO) production and inducible nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX-2) expressions in lipopolysaccharide (LPS)-stimulated RAW264.7 cells. The level of NO produced in the culture media was determined by Griess method. The iNOS and COX-2 protein expressions were analyzed by Western blot. The in vivo effect of ELA was evaluated on LPS-induced septic shock in mice model. Mice mortality was monitored for 5 days after injection of LPS. The chemical contents of the ELA were determined by using various chromatographic and spectroscopic techniques. Results: The ELA was found to exhibit a significant anti-inflammatory effect in both in vitro and in vivo models. The results demonstrated that ELA dose-dependently inhibited LPS-induced NO production as well as the protein iNOS and COX-2 expressions. In the septic shock model, ELA dose-dependently protected mice from LPS-induced mortality. Further study on the isolated components of ELA indicated that 9,10-dimethoxycanthin-6-one may contribute significantly to the antiinflammatory effects of the extract. Conclusions: These results suggest that ELA exhibits the anti-inflammatory activity via suppression of pro-inflammatory mediators such as NO, iNOS, and COX-2 and protects mice from LPS-induced mortality in septic shock model. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. asthma, multiple sclerosis, systemic lupus erythematosus, and atherosclerosis [2] [3] [4] . Therefore, control of these inflammatory mediators may be important means for the prevention of multiple inflammatory diseases [5] .
Eurycoma longifolia (E. longifolia) Jack has been used in Southeast Asian countries as traditional remedies for sexual dysfunction, constipation, exercise recovery, fever, loss of libido, aging, stress, malaria, osteoporosis, diabetes, high blood pressure, cancer, leukemia, and glandular swelling [6] . Chemical studies revealed that this plant is a rich source of biologically active compounds including phenolics, quassinoids, canthin-6-one alkaloids, 毬 -carboline alkaloids, triterpenoid, lactones, neolignans and steroids [7] .
Alkaloid isolated from E. longifolia exhibited various biological effects including antimalarial, cytotoxic, and anti-ulcer activities [7] .
Recently, a 毬 -carboline alkaloid isolated from the hairy root cultures of E. longifolia showed potent anti-inflammatory activity through the activation of Nrf2/heme oxygenase-1 pathway [8] . The anti-inflammatory effect of the methanol extract of this plant was also reported [9] .
In this study, we evaluated the anti-inflammatory activity of the alkaloid enriched fraction from the roots of E. longifolia. The in vitro molecular study on macrophage cells and in vivo anti septic shock were also carried out to demonstrate its potential application in antiinflammation.
Materials and methods

Plant materials
The plant E. longifolia was collected in March 2017 at Nghe An 
Preparation of alkaloid enriched fraction
The roots of E. longifolia (5 kg) was air dried, ground to powder 
Cell culture
Murine macrophage RAW264.7 cell lines used in this study were obtained from the American Type Culture Collection (Manassas, VA, USA). Cells were maintained in DMEM supplemented with 10% fetal bovine serum (Hyclone, Logan, UT, USA) and streptomycinpenicillin (Invitrogen, Carlsbad, CA, USA). Cultures were maintained in a CO 2 incubator in humidified atmosphere with 5% CO 2 at 37 曟 .
Assay for inhibition of NO production
The effects of samples on the NO production in lipopolysaccharide (LPS)-stimulated RAW264.7 macrophage cells were examined as described previously [8] . The cells were seeded in 96-well plate at 2
伊10
5 cells/well and incubated for 18 h. The plates were pretreated with ELA (from 10 µg/mL to 100 µg/mL) or compounds (from 1 µM to 100 µM) for 30 min and then incubated for another 24 h with or without 1 µg/mL LPS (Escherichia coli 0111:B4; Sigma Aldrich, USA). A total of 100 µL of the culture supernatant were transferred to other 96-well plate and 100 µL of Griess reagent were added. The absorbance of the reaction solution was read at 570 nm with a XMark microplate reader (BioRad, USA). The remaining cell solutions in cultured 96-well plate were used to evaluate cell viability by 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay [10] . Cardamonin, a known NO production inhibitor [11, 12] , was used as a positive control. Its IC 50 value for inhibition of NO production was calculated as 0.64 µg/mL (or 2.37 µM) from the similar assay.
Western blot analysis
Cells were harvested and lysed in a lysis buffer [150 mM NaCl, 50
mM Tris-HCl, pH 7.4, 1 mM EDTA, and 1% NP-40, 5 mM sodium orthovanadate, and protease inhibitors cocktail (BD Biosciences)]
and then centrifuged at 4 曟 and 15 000 rpm for 10 min. An equal amount of protein was separated onto sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to a PVDF membrane (Amersham Biosciences, Buckinghamshire, UK).
The membranes were blocked in 5% skim milk for 1 h at room temperature, probed with the appropriate primary antibodies, washed, and then incubated with the corresponding secondary antibody. The signal was detected using the enhanced chemiluminescence system (Intron, Seongnam, Korea). 毩 -Tubulin was detected for protein loading control.
In vivo effects of ELA on LPS-induced mortality in IRC mice
Male IRC mice (20-22 g) were housed in plastic cages and maintained at (22 ± 2) 曟 and 50%-60% relative humidity with 12 h light-dark cycles throughout the experiment and the animals were maintained in these facilities for at least 1 week before the experiment. 
Statistical analysis
Data was expressed as the mean ± standard deviations (SD).
Statistical significance was assessed by the two-tailed unpaired
Student's t-test and P value less than 0.05 was considered statistically significant.
Results
Effect of ELA on NO production in LPS-stimulated RAW264.7 cells
Our results revealed that ELA significantly inhibited the NO production in LPS-stimulated RAW264.7 murine macrophages in a dose-dependent manner (Figure 1 ). Its IC 50 value was determined as Each value indicates the mean ± SD from three independent experiments.
Control value was obtained in the absence of LPS and ELA. Asterisks indicate statistical significance (P < 0.05) compared with the control.
3.2. Effect of compounds isolated from ELA on NO production in LPS-stimulated RAW264.7 cells
Compounds 1-4 were isolated from ELA by using various chromatographic techniques. Their structures were determined by using spectroscopic data and by comparison with the reported data [13] [14] [15] . They were elucidated as 9-hydroxycanthin-6-one (1),
9-methoxycanthin-6-one (2), 9,10-dimethoxycanthin-6-one (3) and 5-methoxycanthin-6-one (4) (Figure 2 ).
9-Hydroxycanthin-6-one (1) 
Effect of ELA on expressions of iNOS and COX-2 in RAW264.7 cells
The inhibitory effect of ELA on the expressions of iNOS and COX-2 in LPS-stimulated RAW264.7 cells was also investigated.
According to the results, ELA effectively suppressed the expressions of iNOS and COX-2 proteins in a dose-dependent manner ( Figure   3 ). The amount of internal control, 毩 -tubulin, remained unchanged.
Effect of ELA on the LPS-induced mortality rate in IRC mice
The effect of ELA on LPS-induced mortality in mice for 5 d was NO is synthesized by nitric oxide synthases (NOS). There are three different isoforms of NOS including constitutive neuronal (nNOS), endothelial (eNOS) and inducible (iNOS) nitric oxides synthases [17, 18] , among which, iNOS is expressed in response to inflammatory stimuli such as LPS, pro-inflammatory cytokines and interferon gamma (IFN-毭 ) [16, 19] . iNOS catalyzes the formation and release of a large amount of NO [20, 21] . Cyclooxygenase (COX) is the enzyme involved in the conversion of arachidonic acid to a huge number of biologically active mediators including prostaglandins.
COX exists in two isoforms including COX-1 and COX-2. COX-2, induced in response to various stimuli, is activated at the site of the inflammation [21, 22] . It has been known that COX-2 is a key mediator of inflammatory pathways. COX-2 appears to be the dominant source of prostaglandin formation in inflammation, including prostaglandin E 2 [23, 24] . In this study, our results suggested that the extract ELA inhibited COX-2 in a concentration dependent manner, so it could also suppress the expression of prostaglandin E 2 . The effect of NO on cytokines has been well reported. Accordingly, NO suppression can decrease LPS-induced TNF-毩 and IL-1 毬 , the proinflammatory cytokines, but enhance IL-10, the anti-inflammatory cytokine, in macrophages. Endogenous NO was also reported to upregulate TNF-毩 production in transfected phorbol myristate acetate-differentiated U937 cells [25, 26] . Our results indicated that the ELA effectively suppressed the expression of iNOS and COX-2 in RAW264.7 cells, suggesting that ELA decreased NO production levels by inhibition of the expressions of both proteins.
Septic shock is a systemic inflammatory response that develops when LPS or other microbial products stimulate the expression of various inflammatory mediators and cytokines. In the pathophysiology of septic shock, the excessive production of NO after iNOS induction has been proposed to be a major factor involved in tissue damage [27] [28] [29] . The LPS-induced mortality in mice was used to evaluate the effects of ELA on systemic inflammation. Our data indicated that oral pretreatment with ELA (50 and 100 mg/kg) dose-dependently decreased the mortality rate in the LPS-stimulated mice. Sepsis stimulated by LPS induces dysfunctional organs and promotes the production of many pro-inflammatory cytokines and mediators, such as NO, iNOS, and COX-2. Therefore, inhibiting the production of these cytokines and mediators can protect mice from mortality in LPS-stimulated sepsis model. This finding further supports that ELA has a strong anti-inflammatory activity in vivo.
The present study demonstrated that ELA from the roots of E.
longifolia Jack exhibited significant anti-inflammatory effects in vitro and in vivo. In the present study, four canthin-6-one alkaloids
(1-4) were isolated and tested for their inhibitory effects on the NO production. It has been known that the addition of the methoxy group has been shown to increase the anti-inflammatory activity [30, 31] .
Consistently, 9,10-dimethoxycanthin-6-one (3) possessing two methoxy groups showed stronger anti-inflammatory effects than other compounds with or only one methoxy group. There have been several studies on the anti-inflammatory activities of E.
longifolia extracts [9] and isolated components including alkaloids and quassinoids [32, 33] . However, mechanism of action of alkaloid enriched extract from this plant has never been reported. 毬 -carboline and canthin-6-one alkaloids are considered as one of the bioactive components of the plant. The 毬 -carboline alkaloid 7-MCPA isolated from the hairy root culture of E. longifolia exhibited potent antiinflammatory activity via activation of Nrf-2/HO-1 pathway. Some canthin-6-one alkaloids from the roots of this plant also exhibited significant NF-毷 B inhibitory activity in TNF-毩 -stimulated HEK-293/NF-毷 B-luc cells. In our study, we were able to show that 9,10-dimethoxycanthin-6-one (3) isolated from the ELA extract exhibited significant inhibitory effect on NO production in the LPS-stimulated RAW264.7 cells. The 7-MCPA inhibited NO production with the IC 50 value of (4.9 ± 0.8) µM; while in this study, compound 3 isolated from the ELA extract exhibited significant inhibitory effect on NO production with the IC 50 value of 33.11 µM. Canthin-6-one and its derivative 5-(1-hydroxyethyl)-canthin-6-one, isolated from the stem barks of Ailanthus altissima, showed potent NO production inhibitory activity with the IC 50 values of (15.09 ± 1.80) µM and (9.09 ± 0.34) µM, respectively. Further study showed that canthin-6-one down regulated the NF-毷 B and Akt pathway [34, 35] . Notably, canthin-6-one was isolated from the E. longifolia previously [36] . Therefore, these canthin-6-one alkaloids significantly contribute to the antiinflammatory activity of E. longifolia.
In conclusion, the ELA extract exhibited in vitro anti-inflammatory activity via inhibiting the NO production and the expressions of proteins iNOS and COX-2 in RAW264.7 cells. Further study on the bioactive components revealed that 9,10-dimethoxycanthin-6-one (3) isolated from the ELA may contribute to the anti-inflammatory activity of the extract. Noteworthily, our results demonstrated that oral administration of ELA at 100 mg/kg protected mice from LPSinduced mortality, suggesting that this enriched extract could be a potential candidate for the development of functional food for the prevention of inflammatory diseases.
